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APPENDIX  A 

Example  1  -  Indiana  State  Route  55  over  Turkey 
CreeX  in  LaXe  County,  Indiana 


Rational  for  estimating  cap/ soil  model  parameters 

Objective:  Estimate  cap/soil  model  parameters  from  index 
property  tests  (test  results  summarized  in  a  report 
prepared  by  ETS  of  Indianapolis,  Indiana  on  May  20, 
1989)  .  For  an  explanation  of  the  cap  model 
parameters,  refer  to  Huang  and  Chen  (1991) . 

I.    Foundation  Soil. 

A.    Determine  the  effective  stress  parameters   for  the 
ultimate  failure  surface  (a,ic,rc)  . 

Using  a  relationship  developed  by  Mitchell  from 
isotropically  consolidated,  undrained  triaxial 
compression  (CIUC)  tests  with  pore  water  pressure 
measurements,  (appropriate  for  normally-consolidated  and 
remolded  clays  only) 

sin<t>ev=0  .  8-0  .  094lnPJ 

(first-order  approximation) 

where,  4>  ,  is  the  critical  void  ratio  friction  angle  for 
insensitive,  uncemented  normally-consolidated  clay  soils 
and,  PI  ,  is  the  plasticity  index.  From  the  report,  Pi 
is  13.   Therefore,  fy^  is  about  33°. 

Based  on  the  geology  of  northwestern  Indiana,  the  type  of 
clay  encountered  at  the  site  is  likely  lacustrine  in 
origin.  A  personal  data  base  by  the  author  for  clay 
soils  in  this  area  indicates  that  the  PI  is  likely  near 
the  lower  bound  for  lacustrine  clay  soils  in  northwestern 
Indiana.  The  plasticity  index  typically  ranges  from  12 
to  18  averaging  about  15.  In  addition,  the  liguid  limit 
typically  ranges  from  30%  to  38%  averaging  about  34%. 

The  ultimate  failure  surface  used  herein  is  described  by 
the  Drucker-Prager  criterion  (which  is  a  circular  surface 
in  section  unlike  the  Mohr-Coulomb  surface  which  is 
hexagonal) .  For  triaxial  compression,  the  material 
constants,  a  and  k  are  related  to  4>  and  c     by: 

c_   2sin4>      K=_J>ccos<|>_ 
>/3(3-sin4>)   '  '  v/3(3-sin4>) 

For  a  plane  strain  condition,  soils  often  display  a 
slightly  greater  angle  of  internal  friction  than  those 
obtained  during  a  triaxial  compression  test.  To  simulate 
this  behavior,  the  material  constants  depend  on  the  Lode 
angle,  6  ,  (Daf alias  and  Herrmann,  1986) ,  according  to: 


a=acg(6,m)     ,  K=Kcg(6,/n) 

and  i  «-i«A 
_  3-Sinq) 
m= : — f- 

3+sin<(> 
2m 


g(d,m)  = 


1+m 


Assume  k=0    and  cc=0.209    from  the  above-mentioned 
relationships . 

B.    Determine  the  elastic  and  plastic  parameters  (KBda,AciAff,v) 

K^in  ;  Because  of  the  problems  with  the  laboratory 
determination  of  undrained  elastic  modulus, Eu  ,  and 
because  large-scale  field  loading  tests  are  expensive,  it 
is  common  to  assume  that£u  is  somehow  related  to  the 
undrained  shear  strength.  For  example,  Bjerrum  (1972) 
proposed  that  the  ratio  Eu/Su  ranges  from  500  to  1500, 
with  Su  determined  by  the  vane  shear  test.  However, 
there  appears  to  be  much  scatter  about  the  data.  Another 
way  to  estimate  ^is  f rom  Qu  test  results.  Based  on 
the  laboratory  test  results,  the  undrained  elastic 
modulus  varies  from  9.4  to  25  ksf.  In  addition,  the 
undrained  shear  strength  ratio,  Sufo0,  varies  from  0.2  3 
(in  Boring  TB-4)  to  0.8  (in  Boring  TB-2) .  Eu  appears  to 
be  considerably  low  and  is  likely  a  result  of  sample 
disturbance.  In  addition,  the  £>utests  were  performed  on 
splitspoon  samples.  Based  on  the  author's  personal  data 
base,  Qu tests  performed  on  lacustrine  clays  from  similar 
depths  and  moisture  contents,  in  which  a  piston  sampler 
(Osterberg  type)  was  used,  indicate  Rvalues  as  high  as 
150  ksf.  Use  an  Eu  of  90  ksf  (Eu  for  soft  clays 
typically  ranges  from  100  to  500  ksf) .   Therefore, 


3(l-2v) 

J^  =  300  ksf 

assuming  v   is  0.45. 

At,Ae  ;  No  laboratory  consolidation  tests  were  performed 
Recall  that: 

Ac=  2.303  U+e0)    and 
"    2.303 (1+eJ 


6 

w  G 
Estimate  e0 :         e0=  c  s ;   Gs  typically  ranges  from 

2.71  to  2.75.   Say  wc    is  about  26%. 
Therefore,  e0  is  approximately  0.7. 

Estimate  Cc;  Ce  : 

For  Chicago  clays:  Cc=0.01(wc)   therefore,  0.26. 

For   undisturbed   clays   with   low   to   medium 
plasticity:  Ce=0. 009 (LL-10) ;LL    implies  the  liguid 
limit,  approximately  34%.  Therefore,  Cc    is  0.216. 

Author's  personal  data  base:  Cc  ranges  from  0.2  to 
0.3,  averaging  about  0.246. 

Use  0.246.   Therefore,  At    is  0.0625. 

Say  Cxis  10%  of  Ce     Therefore,  0.00625. 

Values  of  Cz outside  the  range  of  0.005  to  0.05 
should  be  considered  questionable. 

C.  Estimate  the  cap  surface  (R,  OCR) . 

R;  implies  the  cap  aspect  ratio  (ratio  of  the  major 
and  minor  radii  of  an  ellipse)  .  The  cap  aspect 
ratio,  R,  can  be  evaluated  provided  that  the 
Drucker-Prager  constants,  a,K,K0,Sufa0  are  known. 
Presently,  NFAP  (nonlinear  finite  element  analysis 
program)  makes  provisions  to  evaluate  R  and  this 
will  not  be  discussed  herein. 

OCR;  overconsolidation  ratio.  To  accurately 
estimate  the  OCR  of  the  lacustrine  clay  soils,  a 
consolidation  test(s)  should  have  been  performed. 
Based  on  a  comparison  of  the  moisture  content 
values  and  Atterberg  limits,  the  clay  soils  do  not 
appear  to  be  overly-consolidated.  Although  not 
site  specific,  results  from  consolidation  tests 
performed  on  lacustrine  clay  soils  from 
northwestern  Indiana  indicate  that  the  clay  soils 
may  be  slightly  over-consolidated.  Refer  to  the 
data  input  for  the  OCR  values  for  analysis. 

D.  Initial  stress  state;  (yB,a,K0) 

yBtB=   125  pcf 
Estimate  K0    ; 

#0=(l-sin<|>)    therefore,  0.44. 


#o=0.44+0.42(PJ/l00)   therefore,  0.49. 
Say  0.5. 

E.  Pore  pressure  response  factor;  (p) 

Say  10  for  undrained  conditions  otherwise  0  for 
drained.  Note  NFAP  does  not  account  for 
dissipation  of  pore  water  pressure.  The  pore 
pressure  response  factor  is  actually  a  ratio  of  the 
apparent  bulk  modulus  of  the  fluids  to  the  total 
(soil  and  water)  bulk  modulus. 

F.  Undrained  shear  strength  ratio;  (■=£) 

For  normally-  to  slightly  over-consolidated  clays: 

=^=0.11+0.0037 (PI) 

S° 
■=?    typically  ranges  from  0.16  to  0.6. 

Based  on  Boring  TB-1  (sample  depth/ interval;  33.5 
to  35  ft),  say  0.36  (first-order  approximation). 
Another  technique  in  estimating  the  undrained  shear 
strength  ratio  is  to  use  SHANSEP  (Ladd  etal) . 

II.   Embankment  Fill. 

For  a  first  approximation  of  the  embankment  behavior, 
assume  the  soil  conditions  of  the  fill  are  similar  to 
those  of  the  foundation  soil  near  the  surface. 


Figure  A. 2.1  Case  1   -  Contours  of  Horizontal  Displacement 

Figure  A. 2. 2  Case  1  -  Contours  of  Vertical  Displacement 

Figure  A. 2. 3  Case  1  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 2. 4  Case  1  -  Contours  of  Local  Factors  of  Safety 


(0 

> 

u 

<D 
•P 

C 


u 

3 
O 
■P 

c 
o 
u 


•P 


x: 
•p 

Q) 
Q 


+» 

c 

0) 

o 

E 

d 

CO 

4J 

0) 

o 

10 

4-1 

iH 

*-* 

P 

•H 

o 

n 

D 

d 

a) 

r^ 

e 

.H 

A! 

(0 

c 

P 

ID 

c 

j3 

o 

o 

g 

N 

d 

M 

tO 

«w 

O 

o 

X 

a) 

<4-l 

c 

0 

O 

•H 

iH 

in 

d 

}-l 

u 

lO 

<D 

3 

•P 

O 

C 

4J 

(1) 

C 

u 

0 

O 

u 

d 
<* 

E 
0 

a) 

1 
1-1 

o 

<D 

q 

c 

10 

d 

(0 

<0 

rO 

u 

•H 

H 

D 

IN 

O 

< 

d 

CM 

0) 

3 

o 


q 

CD 

I 


o 
d 


o 
d 

CNJ 

l 


o 


> 
u 

0) 

c 


u 

o 
JJ 

c 
o 
u 


4J 


5 

a 


o 

05 

4J 

q 

C 

d 

00 

4J 

a) 

n 

0 

IH 

u 

w* 

4J 

a 

q 

C 

CO 

d 

0) 

-H 

h. 

1 

Q 

c 

rH 

(0 

to 

X) 

0 

o 

i 

•H 

d 

h 

io 

<M 

01 

o 

> 

<D 

<w 

c 

o 

o 

-H 

to 

d 

^ 

u 

m 

o 

3 

JJ 

0 

c 

■P 

0) 

C 

u 

o 

o 

u 

d 

0 
0) 

1 

o 

<D 

q 

c 

tfl 

o 

(0 

(0 

ro 

w 

u 

•H 

CM 

a 

(M 

O 

< 

d 

CM 

0) 

n 

& 

o 

fa 

d 

o 


o 

d 

I 


o 
d 


o 
d 

CM 

I 


<0 

> 

u 

0) 

+J 

c 


u 

3 

o 
•p 

c 
o 
o 


■p 

14-1 


4-» 

a, 

0) 

o 


.p 

to 

IO 

*> 

a 

CN 

<u 

in 

r^ 

"""* 

(0 
0) 

+J 

h 

C 

•p 

CI 

CO 

p 

in 

5 

rH 

CN 
CO 

c 

10 

m 

a 

A 

•H 

1 

o 

c 

•H 

IH 

H 

in 

O 

£ 

CN 

(1) 

(H 

m 

C 

0 

rH 

to 

rl 

u 

0) 

a 

•P 

0 

in 

c 

-p 

01 

u 

E 
0 

u 

c 
o 
u 

1 

in 

CD 

iH 

CN 

o 

0 

fO 

c 

n 

<C 

(0 

•p 

u 

10 

-H 

r> 

o 

• 

m 

C\ 

CN 

CN 

< 

<D 
>H 

in 

•H 

CN 


O 

d 


o 
d 


o 

O 


o 
d 

CN 

I 


o 


ai 


o 
u 


■P 


A 
■P 

a 

0) 

a 


w 

1- 

0 

i 

/    - 

\ 

/■ 

Ik  V 

/- 

/4f§ 

ll 

\_X          _ 

//  - 

# 

- 

// 

"/7/ 

- 

// 

- 

1 

1.6  — 

I       I 

1              1              1 

ou 

>i 

P 

cu 

IH 

(0 

in 

■p 

ca 

CN 

<w 

<w 

r* 

w 

0 

■p 

M 

C 

P 

0 

O 

E 

■P 

in 

£ 

U 

CN 
ID 

C 

m 

10 

1 

(0 

o 

(M 

o 

in 

O 

•J 

CN 

a) 

4-1 

lO 

c 

0 

rH 

tfl 

P. 

u 

Q) 

3 

■P 

o 

in 

C 

p 

CN) 

0) 

c 

<* 

u 

E 
0 

p 

<4-l 

0 

u 

in 

0) 

rH 

CN 

U 

CD 

ro 

C 

W 

«D 

id 

■P 

u 

W 

•H 

*r 

Q 

• 

in 

(N 

CN 
CN 

< 

P, 
& 

in 

o 
6 


o 
d 


o 
d 


o 
d 

CN 

I 


Figure  A. 3.1  Case  2  -  Contours  of  Horizontal  Displacement 

Figure  A. 3. 2  Case  2  -  Contours  of  Vertical  Displacement 

Figure  A. 3. 3  Case  2  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 3. 4  Case  2  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 4.1  Case  3   -  Contours  of  Horizontal  Displacement 

Figure  A. 4. 2  Case  3   -  Contours  of  Vertical  Displacement 

Figure  A. 4. 3  Case  3  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 4. 4  Case  3  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 5.1  Case  4  -  Contours  of  Horizontal  Displacement 

Figure  A. 5. 2  Case  4  -  Contours  of  Vertical  Displacement 

Figure  A. 5. 3  Case  4  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 5. 4  Case  4  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 6.1  Case  5  -  Contours  of  Horizontal  Displacement 

Figure  A. 6. 2  Case  5  -  Contours  of  Vertical  Displacement 

Figure  A. 6. 3  Case  5  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 6. 4  Case  5  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 7.1  Case  6  -  Contours  of  Horizontal  Displacement 
Figure  A. 7. 2  Case  6  -  Contours  of  Vertical  Displacement 
Figure  A. 7. 3  Case  6   -  Contours  of  Principal  Stress  Ratio 

Figure  A. 7. 4  Case  6  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 8.1  Case  7  -  Contours  of  Horizontal  Displacement 
Figure  A. 8. 2  Case  7   -  Contours  of  Vertical  Displacement 
Figure  A. 8. 3  Case  7  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 8. 4  Case  7   -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 9.1  Case  8  -  Contours  of  Horizontal  Displacement 

Figure  A. 9. 2  Case  8  -  Contours  of  Vertical  Displacement 

Figure  A. 9. 3  Case  8  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 9. 4  Case  8  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 10.1  Case  9   -  Contours  of  Horizontal  Displacement 
Figure  A. 10. 2  Case  9  -  Contours  of  Vertical  Displacement 
Figure  A. 10. 3  Case  9  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 10. 4  Case  9   -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 11.1  Case  10  -  Contours  of  Horizontal  Displacement 

Figure  A. 11. 2  Case  10  -  Contours  of  Vertical  Displacement 

Figure  A. 11. 3  Case  10  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 11.4  Case  10  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 12.1  Case  11  -  Contours  of  Horizontal  Displacement 
Figure  A. 12.2  Case  11  -  Contours  of  Vertical  Displacement 
Figure  A. 12. 3  Case  11  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 12. 4  Case  11  -  Contours  of  Local  Factors  of  Safety 
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Figure  A. 13.1  Case  12  -  Contours  of  Horizontal  Displacement 

Figure  A. 13. 2  Case  12  -  Contours  of  Vertical  Displacement 

Figure  A. 13. 3  Case  12  -  Contours  of  Principal  Stress  Ratio 

Figure  A. 13. 4  Case  12   -  Contours  of  Local  Factors  of  Safety 
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